ABSTRACT: The hypothesis that the presence of fish farms affects the communities of wild fish at large spatial scales was investigated through experimental trawl surveys. Three regions of the Aegean Sea with aquaculture zones were sampled in May and September (reproductive and recruitment periods, respectively for most species in the Aegean Sea). In each region, 2 sub-areas were sampled: 1 located nearby the fish farming zones (within 2 to 3 n mile) and a similar site ('reference site') far away from these zones (> 20 n mile). Three replicate hauls were made in each sub-area for each of the 3 investigated regions. Significant differences were observed in community structure between farming and reference sites, which were mainly due to quantitative rather than qualitative aspects. The overall abundance and/or biomass of wild demersal fish was significantly higher near the fish farms in every region studied during May without any significant change in diversity or biodiversity. During the recruitment period in September, total abundance and biomass were fairly similar. These findings support the hypothesis that the presence of fish farms affects the wild fish populations in the oligotrophic eastern Mediterranean at a spatial scale larger than the immediate vicinity of fish cages. It seems that during the recruitment period all sites were stocked with fish close to the carrying capacity of the respective areas, and by late spring the areas close to fish farming zones had suffered little losses during winter, whereas populations at the reference sites had decreased substantially.
INTRODUCTION
The expansion of fish farming in the coastal zone of the Mediterranean over the last 20 yr has raised the issue of the interaction between fish farming and fisheries, with various implications for the management of marine resources. This interaction may be addressed at various spatial scales and it is not obvious that the answer will be scale-independent. A considerable research effort has been invested over the last decades to investigate the environmental impacts of aquaculture (Gowen & Bradburry 1987 , Wu 1995 , Fernandes et al. 2001 . These effects are expressed at various spatial and temporal scales (Karakassis 1998) , depending on the nature of the waste released, the physical, hydrographic and ecological characteristics of the site, and the efficiency of the management of the farms. The effects on small spatial scales (beneath or in close vicinity to cages) have been widely investigated, including effects on sediment chemistry (Holby & Hall 1991 , Hall et al. 1992 , Holmer & Kristensen 1992 , Holmer et al. 2002 , on benthic communities (Brown et al. 1987 , Weston 1990 , Mazzola et al. 1999 , Karakassis et al. 2000 , La Rosa et al. 2001 , Mirto et al. 2002 , on sea grass (Delgado et al. 1999 , Pergent et al. 1999 , Ruiz et al. 2001 , Holmer et al. 2003 , and on nutrients and plankton within the area of the farm (Pitta et al. 1999 , Karakassis et al. 2001 ).
Most of the aforementioned studies have indicated that the effects of aquaculture on the benthic environ-ment are found within a short distance, normally not exceeding 25 to 30 m from the edge of fish cages; however, it is well known that fish farming releases a substantial amount of nutrients into the marine environment (Holby & Hall 1991 , Hall et al. 1992 and it would, therefore, be reasonable to expect effects at larger spatial scales, particularly when a zone of farms is established in a coastal bay. Such large scale effects have been reported by Pohle et al. (2001) from the Canadian coast, showing signs of stress for benthic macrofauna at distances > 200 m from any fish farm in that area. Effects on wild fish have been investigated at very short spatial scales (Carss 1990 , 1994 , Dempster et al. 2002 , indicating a considerable increase in wild fish abundance and biomass in the immediate vicinity of fish cages. However, it is not known whether such changes also affect fish communities in the broader area surrounding aquaculture development zones and particularly in oligotrophic environments where nutrient scarcity limits productivity including fisheries production. This type of information would be important in order to estimate the potential negative or positive effects of aquaculture on coastal fisheries and, therefore, to conclude whether there is an objective basis for conflict between these 2 important uses of the coastal zone.
In the present study, we investigated the effect of the presence of fish farms on marine biota of wild fish in 3 areas in the Aegean Sea. The objective of this study was to test the hypothesis that the presence of fish farms, and the associated change in the fluxes of nutrients and organic material, could cause a large-scale effect on fish communities in the area of an aquaculture zone.
MATERIALS AND METHODS
The study areas. The effect of fish farming on wild fish populations was studied in 3 regions (Evia Island, Lesvos Island and Chios Island) in the Aegean Sea (Eastern Mediterranean basin). In each region (Fig. 1) , 1 sub-area near the zone of fish farming activity (hereafter referred to as 'fish-farm site') and 1 sub-area far away from these zones (hereafter referred to as 'reference site') were investigated in May 2001 and September 2002. Sea bream and sea bass were the reared species at all fish farm sites. The first sampling took place before the closed period for trawling in Greece and during the reproduction period for most of the commercial fish species (Stergiou et al. 1997) , while the second sampling took place before the open period for trawling and during the recruitment period for most of the fish species. Reference sites had comparable topography, depth and an average distance of 20 n miles from the respective fish-farm sites. At all 6 sites, the substrates were mud and sand mixed with maerl in different ratios. For data analysis, the substrates with more than 40% silt and clay were classified as 'fine' and the others as 'coarse' (Fig. 1) .
Sampling design. During each sampling survey, 3 replicate hauls were made at each site using an otter trawl with a cod-end bag liner of 28 mm stretched mesh-size. At the fish farm sites, the samples were collected at a distance of 2 to 3 n miles from the cages, while at the reference sites, the samples were collected at similar depths (70 to 80 m) to fish farm sites (Fig. 2) . The haul duration ranged between 40 and 45 min, and towing speed between 2.8 and 3 knots. The door spread of the trawl net was calculated for each haul based on the method of Carrothers (1980) . The total area swept was calculated by multiplying the door 
Data analysis.
To test the effects of aquaculture on the fish communities, the following measures were calculated: number of species per haul (S). Since the number of species is sensitive to the total abundance, we also used the Shannon-Wiener diversity (H') and the J evenness indices, which standardise the sample size with respect to abundance and species number. Furthermore, we calculated the Simpson (1 -λ) index (i.e. dominance), which is known to be one of the least affected by sample size (Karakassis et al. 1996) . In addition, the new biodiversity indices (∆*, ∆+, s∆+, λ+), based on taxonomic distinctness (Warwick & Clarke 1995 , Clarke & Warwick 1998 , were calculated. Taxonomic distinctness (∆*) is the average path length between 2 randomly chosen individuals from the sample, conditional on them being of different species. This is a measure of the average degree to which individuals in an assemblage are related to each other (Warwick & Clarke 1995) . Average taxonomic distinctness (∆+) is the mean path length through the taxonomic tree connecting every pair of species in the tree (Clarke & Warwick 1998) . It is calculated by summing the path lengths through a taxonomic tree between every pair of species in the list, and dividing by the number of paths. Total taxonomic distinctness (s∆+) is the sum (over all species) of the average distance of each species to all other species. It provides an estimate of the total taxonomic distinctness of the tree of the species present in the community. Finally, variation in taxonomic distinctness (λ+) is the variance of the pairwise path lengths between every pair of species in the list, reflecting the unevenness of the taxonomic tree. Multivariate analysis of fish community data (double square-root transformation) involved the use of the Bray-Curtis similarity index, and cluster and MDS analyses. The contribution of each species to the average Bray-Curtis dissimilarity between groups of combinations as well as to the average Bray-Curtis similarity within a group of combinations, was identified using SIMPER analysis (Clarke & Warwick 1994) . All these analyses were carried out by means of the PRIMER-5 software (Clarke & Warwick 1994) .
The log-transformed abundance and biomass data as well as the diversity and biodiversity indices were compared by means of analysis of variance (ANOVA) after checking for homogeneity of variance (Zar 1984) . The comparisons included region, fish farm presence and substrate per season.
RESULTS

Abundance and biomass
ANOVA for total abundance and biomass of the wild fish communities (Fig. 3) showed that both parameters were consistently and significantly higher at the fish farm site during May. However, this was not the case for September, i.e. during the recruitment period (Table 1 
Diversity
The number of fish species showed significant differences with region, substrate and presence of fish farming during May (Table 1) . In all cases, the number of fish species at the fish farm site was higher than at the respective reference stations (Fig. 4) . The number of fish species was not significantly different between fish farm and reference sites during September.
H' and J indices (Table 1) , which standardise the sample size with respect to abundance and species number, showed no significant difference in diversity with respect to the presence of fish farms.
Among the biodiversity indices, ∆* and the total path length between any 2 randomly-chosen fish species (s∆+) showed a significant increase at the fish farm sites during May, but again no significant differences during September.
Multivariate analysis
Cluster analysis on both the abundance and biomass data matrices (dendrogram not shown here) defined 2 major groups of hauls related to sediment type. Within these 2 major clusters, there were several sub-groups reflecting other sources of variability such as season, area and presence of fish farms. The results of MDS ( Fig. 5 ) also showed similar groupings with respect to sediment type, season and presence of fish farms. The 2-way ANOSIM (Table 2) performed for all different combinations of the parameters examined (i.e. season, substrate and presence of fish farms) showed that proximity to aquaculture zones was 1 of the factors affecting the similarities among sampling stations. In other words, within groups of the same season, or sub- (Tables 3 & 4) was used to detect the main community attributes responsible for the similarities and dissimilarities among stations, i.e. which species were responsible for the qualitative and quantitative differences that caused an increase in dissimilarity among stations taken at different seasons, substrate types, regions or presence/absence of fish farms. In almost all cases, the results pointed to quantitative (levels of abundance) rather than qualitative (presence/ absence of a species) differences in community structure. This was the case regarding proximity to fish farms (Table 4) , where dissimilarities were mainly due to changes in the abundance of 17 species, among which, 12 were more abundant at the fish farm sites and 5 were less abundant. Among those species with increased abundance were commercial species important to local fisheries such as Mullus barbatus (average increase in abundance 56%), Merluccius merluccius (+ 97%), Pagellus acarne (+159%) and Diplodus annularis (+ 504%). The SIMPER analysis was also performed on the species-biomass data ( (-82%) and Mullus surmuletus (-74%), whereas the remaining 16 species showed an increase in biomass ranging from 10 to 1100%.
DISCUSSION
In all 3 regions studied, the total abundance and biomass at the putative impacted zone was significantly higher than at the respective reference sites during May. The consistency of this finding supports the hypothesis of a positive effect of fish farming on the wild fish populations, at a spatial scale larger than the immediate vicinity of fish cages. However, total abundance and biomass were fairly similar between the fish-farm and reference sites during the recruitment period in September. It is likely that during the recruitment period, all sites (fish-farm and reference) are stocked with fish close to the carrying capacity of the respective areas. It is also worth noting that the September survey was carried out at nearly the end of the 4 mo closed season for trawls in the Aegean Sea and, therefore, there was a small effect of fishing on demersal species.
By late spring, the zones in the vicinity to fish farm activities had suffered lower winter losses than those at the reference sites, where fish populations had decreased substantially. Caddy (1993) reports that fishery production for formerly oligotrophic seas has increased in recent decades, which can be attributed to moderate enrichment from land. Our data seem to support the hypothesis that fish farming could also be expected to increase fish production in certain oligotrophic ecosystems. This increase cannot be attributed to the consumption of the unused feed pellets beneath fish farms. It is shown here that the fish species responsible for the increase in abundance near fish farms are not those usually found beneath cages in the Mediterranean Sea (Dempster et al. 2002 , Smith et al. 2003 , which are likely to feed on particulate wastes from the fish farms. A possible reason for the increase could be either an increase in primary production due to increased supply of dissolved nutrient wastes from the fish farms and/or a local reduction in fishing pressure due to occupation of part of coastal space by the fish farms.
Although inter-annual variability could partly explain the observed differences among seasons, there are other independent indications that the presence of fish farms has an overall positive effect on wild fish communities such as the increasing trend of landings in the investigated areas after the establishment of fish farms in the early 1990s , as well as the significant increase in fish abundance after the establishment of aquaculture in the case of Evia island (Machias et al. 2004 Two hypotheses could explain the observed differences between the 2 sampling seasons. The first could be that the fish populations inhabiting the wider area are attracted by the floating structures (cages), or by the odour of the food used in fish farms and, therefore, reach higher densities at the fish farm sites. Subsequently, as fish populations decline from September to May, because of natural and/or fishing mortality, the sites near the fish farms are constantly replenished with additional fish biomass from the surrounding area, thereby remaining close to carrying capacity. This hypothesis, however, hardly explains the increase seen in landings after the onset of aquaculture .
Alternatively, the differences between the fish farm and the reference sites were present in September (recruitment period for most of the species, Stergiou et al. 1997) as well, but they were not detectable under the applied sampling scheme. It is well known that the recruitment for most of the species in the surveyed areas, takes place in shallow water near the coastline (depth < 60 m). Although there is always an overlap of juveniles and adults, the majority of juveniles stay in shallow waters, while adults remain in deep waters after their first maturation, usually in spring (Tsimenides et al. 1992 , Machias et al. 1998 , Labropoulou et al. 1999 , Machias & Labropoulou 2002 , Somarakis & Machias 2002 . The presence of fish farms could result in a higher degree of habitat separation between juvenile and adults, as well as in an increase in the residence time of juveniles near the coast. As, in the framework of the present study, we investigated the adult habitat (depths > 70 m), the density of juveniles could have been underestimated. At the reference sites, the lower resources and higher competition, could have imposed a higher dispersion of juveniles, and a higher overlap of juvenile and adult habitats. The difference in density and/or abundance between fish-farm and reference sites was more obvious during spring (reproductive period for most of the species, Stergiou et al. 1997) , when the fish move to deeper waters. The effect of fish cages presence on local recruitment needs further and more targeted research.
The study of diversity, as expressed by different indices, showed no significant effect in response to the incidence of fish farming. In other words, the observed increase in abundance was not accompanied by a simplification of the community: both the number of species and the distinctness-based biodiversity indices (∆*) and (s∆+) showed an increase at the fish farm sites in comparison to the reference sites. The same trend has been observed when comparing the period before and after the aquaculture establishment in the region of Evia island (Machias et al. 2004) , with these 2 biodiversity indices being higher after the establishment of fish farms in comparison to the 'before' period. As opposed to 'standard' diversity indices, which look into whether individuals belong to the same species, lack explicit links to functional diversity (Clarke &Warwick 1998) and are largely effort-dependent (Clarke & Warwick 1999) , biodiversity indices measure the degree to which species are taxonomically related to each other (Warwick & Clarke 2001) . Taxonomic distinctness indices describe features of this taxonomic spread and are now beginning to find application in environmental impact assessment, with growing evidence that, for a given number of species, perturbed communities usually comprise a more limited taxonomic spread . Although the number of species is dependent on the sample size (i.e. on the number of individuals counted in the samples obtained), the taxonomic distinctness-based indices have been shown to be remarkably independent of sample size (Clarke & Warwick 1998) . Taking the overall picture into account, it seems that at sites close to fish farming zones, the overall structure of the demersal fish community does not change towards a phylogenetically simplified set of species, but rather towards an equally or more diverse community which also presents higher abundance. The Simpson index showed no difference in dominance between fish-farm and reference sites. In other words, there is no quantitative change similar to that obtained when r-selection species proliferate in the community in response to a severe disturbance.
The multivariate analyses showed that there was an effect of fish farming on the overall community structure; however, this was mainly attributed to quantitative rather than qualitative aspects, that is, there was a change in levels of abundance and/or biomass rather than replacement of species. The species found in the areas investigated during this study are those typically found in the Aegean Sea (Machias et al. 2001) . Furthermore, in most cases, as shown by SIMPER analysis, this change was positive resulting in higher abundance and biomass close to the fish farming zones.
This type of effect on wild fish assemblages is likely to occur in any marine area affected by fish farming wastes and in fact we are not aware of any published study having proven the opposite. However, there are particular characteristics of the Mediterranean marine ecosystems which allow these effects to be more readily detectable than elsewhere: (1) the pronounced oligotrophy of the Eastern Mediterranean, the low nutrient levels (Friligos & Gotsis-Skretas 1987) and low primary production (Sournia 1973) ; (2) the phosphorus-limitation of primary production (Krom et al. 1991) , at least for part of the year; and (3) the high water transparency (Ignatiades 1998) , allowing the exploitation of nutrient resources deeper in the water column. The microtidal regime characterising this area is also important, since it imposes generally slower water renewal rates than in macrotidal areas, thereby allowing a longer residence time of nutrient-enriched water masses in coastal bays. Furthermore, in a multispecies fishery context such as the one of the eastern Mediterranean (Stergiou et al. 1997) , the effects of fish farm presence are more likely to be important since the increased production affects the entire community, not only certain target species. Of course, these effects are also likely to be related to the level of production of the fish farms and the area topography: very low levels of production (e.g. of a small-sized farm in a highly exposed area) could go unnoticed, whereas extremely high levels in very enclosed areas are likely to result in significant effects. In several parts of the world (Beveridge et al. 1996) , and particularly in the Mediterranean (Pitta et al. 1999 , Belias et al. 2003 , it has been shown that the effects of fish farming on nutrients and chlorophyll concentration in the water column are hardly measurable and only over a short time-scale (Karakassis et al. 2001) . This is probably related to the dispersive nature of the sites, which allows rapid advection and diffusion, but it is also likely that there is a rapid consumption and transfer towards higher trophic levels. In this case, the fish communities are probably a good indicator of the increased material flux since they are long-lived organisms integrating processes over longer time periods, and their predators are unlikely to respond promptly to an increase in their biomass.
The overall conclusion is that the presence of fish farming is likely to have positive effects (at least in terms of socio-economic aspects) on wild fish assemblages at the spatial scales investigated. These could involve an increase in wild fish biomass by an average factor of 2.8, as well as in a significant increase (by a factor of 2) in local fisheries landings after the establishment of fish farming zones.
